as Na currents since they were blocked by TTX, although complete block required high concentrations (> 1 PM). The corresponding single-channel Na currents were observed in outside-out patches. The channels were opened by a depolarizing pulse applied from a holding potential identical to the resting potential (-70 to -80 mV) . Therefore, they may be considered functional Na channels. After addition of veratridine and an a-scorpion toxin, the decay of Na currents in whole-cell recordings was slower than observed under control conditions. At the single-channel level, the channels appeared to open in bursts. Depolarization did not increase the duration of the bursts, but inside each burst, increased the time spent in the open state. The K currents observed in the whole-cell recording mode were separated into inactivating and noninactivating currents. The inactivating current resembled the A current in its kinetics, its insensitivity to tetraethylammonium, and its sensitivity to 4-aminopyridine. At the single-channel level, at least 3 classes of K channels were observed at steady depolarized potentials. They resembled the K channels found in chromaffin cells by Marty and Neher (1985) . Large conductance channels (385 pS) activated around 0 mV were identified as Cl channels.
During the 10 years following the classical studies of Kuffler et al. (1966) that established that the resting potential in leech glial cells is very close to the K equilibrium potential, a number of similar observations were made on other glial cells (reviewed in Orkand, 1977) . Thus, at the end of the 1970s it was commonly accepted that the ionic channels of the glial cell membrane were mostly, and possibly exclusively, K channels. In recent years, however, this notion has been challenged, largely due to the development of a series of specific markers of neuronal Na channels, including Na channel blockers, such as TTX and saxitoxin (STX), and Na channel "activators," such as veratridine, scorpion toxins, and sea anemone toxins (see Catterall, 1980) . When these compounds were applied to glial cells, it was found that a number of them showed substantial binding and could modulate Na permeability as demonstrated by isotopic Na flux measurements or by electrical potential changes (Barnola et al., 1973; Munson et al., 1979; Berwald-Netter et al., 1983 Ritchie and Rang, 1983; Bowman et al., 1984; Y. BerwaldNetter, D. Beaudoin, E. Houzet, and F. Couraud, unpublished observations) .
With the advent of the patch-clamp techniques (Hamill et al., 198 l) , a more direct characterization of ionic channels in glial cells became possible. The first studies, done on oligodendrocytes (Kettenmann et al., 1982 (Kettenmann et al., , 1984 reported only voltage-insensitive K channels. However, when we applied the patch-clamp method to astrocytes treated with veratridine and scorpion toxin, we found evidence for the presence of Na channels, as well as of a number of other ionic channels (Nowak et al., 1983) . The present paper represents a more detailed report of these observations, as well as some data obtained in the absence of toxins. These results are compared with those recently published on Schwann cells and astrocytes (Bevan et al., 1984 (Bevan et al., , 1985a Chiu et al., 1984; Gray et al., 1984; Bevan and Raff, 1985; Gray and Ritchie, 1985; Shrager et al., 1985; Quandt and MacVicar, 1986 ).
Materials
and Methods Cell culture. Cultures of mouse brain astrocytes were prepared essentially as described by . Cerebral hemispheres of newborn, random-bred Swiss mice were dissected into ice-cold PBS, and the meninges were carefully peeled off. by including cytosine arabinoside (1 &ml) in the culture medium. Occasionally, primary or tertiary cultures were used, and in both cases we observed (in the whole-cell recording mode) inward currents similar to those described in Results. Astrocytes were identified by immunocytochemical staining with antibodies to glial fibrillary acidic protein; they comprised about 95% of the cells in culture. They were not labeled by tetanus toxin and therefore correspond to the type I astrocytes as defined by Raff et al. (1983) . Neither neurons nor oligodendrocytes were observed in multiple screenings of the cultures. The remaining cells (5%) were flat, GFAP-negative cells, possibly of meningeal and/or endothelial origin. A, The left-hand records show results obtained when the main cation in the pipette solution was K+ (see Materials and Methods) . There is evidence of both a small inward current and a larger outward current activated by depolarizing pulses. Voltage jumps were applied from a holding potential of -100 mV to -60, -50, -40, -30, and -20 mV. B, The right-hand records are from a similar experiment done with CsCl substituted for KC1 and show only an inward current. The holding potential was -100 mV, and the jumps were made to -70, -60, -50, and -30 mV. Leak and capacitative currents were not subtracted. Records were sampled at 4 kHz and filtered at 1 kHz.
In most experiments, dibutyryl-CAMP at 0.25 mM (Bowman et al., 1984) was added to the culture medium 6 or 24 hr before the recording. This induced the cells to round up and facilitated contact with the patchclamp pipettes. Since such treatment might induce some of the currents observed, a few experiments were performed on cells not treated with dibutyryl-CAMP.
In these experiments (in the whole-cell recording mode), we recorded both Na and K currents similar to those observed after treatment with dibutyryl-CAMP.
We cannot exclude, however, that this treatment may have altered some properties of either the Na or the K channels.
Electrophysiological techniques. Pipettes were pulled from soft glass (Kimble) and coated with Sylgard, and their tips polished by heating. Pipette resistances were between 2 and 8 MB when they were filled with either a K solution containing (in mdliter) 140 KCl, 2 MgCl,, 5 EGTA-K, 0.5 CaCl,, 10 HEPES-K, or a Cs-and Na-containing solution, in which KC1 was replaced by CsCl, and NaCl was added at a concentration of 4 mM. The pH was titrated to 7.2.
The extracellular bath solution contained (in m&liter) 140 NaCI, 2 MgCl,, 2.8 KCI, 1.0 CaCl,, 10 HEPES-Na (pH 7.2) for the 2 major configurations used, whole-cell and outside-out patch recordings (Hamill et al., 198 1) . In a few experiments, inside-out patches were used. The composition of the test solutions used in these cases is described in the text.
The currents were recorded with a List EPC-5 patch-clamp amplifier, and stored on magnetic tape (Racal). Analog data were filtered (see figure  legends) , digitized, and analyzed with the aid of a PDP 1 l-23. 
20ms
Pharmacological agents. Toxin II from the scorpion Androctonus australis Hector (AaHII) (ScTx), a gift of F. Couraud, was prepared as described by Miranda et al. (1970) . It was added to the bath solution in conjunction with 0.1% BSA (Sigma). In most cases, 0.3 PM ScTx and 20 PM veratridine were used. On a few occasions the veratridine concentration was 100 times lower.
The other drugs used were tetraethylammonium chloride (TEA, Carlo Erba), 4-aminopyridine (4-AP; British Drug Houses), and TTX (Sigma).
Results

Sodium channels
Sodium currents in whole-cell recordings
We restricted our analysis of whole-cell currents to relatively small and regularly shaped cells because large astrocytes, which are flat and irregular in shape, are particularly difficult to voltageclamp well. Despite this, the capacitive transients could rarely be eliminated by "subtraction" methods, and generally our records were not corrected. A few experiments were done using K-containing pipettes, but in most cases Cs-filled pipettes were used so that outward currents were blocked. The resting potential, measured immediately after entering the whole-cell recording mode, was -74.3 -t 15 mV (n = 25). The holding potential was usually set at -70 or -80 mV, i.e., close to the resting potential. In two thirds of the 27 cells tested, fast inward currents were observed as soon as the depolarizing pulse reached -60 mV. The threshold of these inward currents was 20 mV more negative than that of the major K currents (see below). Peak inward currents were measured near -20 mV and varied in size between 65 and 500 pA (Fig. 1) .
These fast inward currents were identified as Na currents on the basis oftheir sensitivity to TTX, which produced a reversible blockade without altering the shape of the Z-V relation (Fig. 2) . The concentration of TTX producing a 50% reduction of the inward current was estimated to be 400 nM based upon inhibition measured in different concentrations of TTX. The inward current was unaffected by the addition of cobalt (3 mM) to the extracellular solutions, and it decreased when the extracellular Na concentration was reduced by substitution with choline. A direct measurement of the reversal potential of the current was not obtained due to the apparent persistence, even in Cs-filled cells, of a small amount of fast outward current.
The whole-cell Na currents were then analyzed in the presence of 2 toxins known to reduce Na inactivation: a-scorpion toxin (ScTx) and veratridine. The 2 toxins were added (&TX, 3 x A IOms 1 O-' M; veratridine, 2 x 10 ) M) to mimic the conditions under which they had been used previously in tracer flux experiments (Uerwald-Netter et al., I98 1) and electrophysiological studies (Bowman et al., 1984) . The addition of the 2 toxins had little effect on the resting membrane potential, which was -74.3 + 15 mV (n = 25) in control recordings and -69.1 + 16 mV (n = 26) in toxin-treated cells. Voltage-activated inward currents recorded in 3 toxin-treated cells had a range of activation and an I-l'curve similar to those in controls. The major difference was the longer duration of the inward current in the presence of the toxins. In both control and toxin-treated cells the decay of the current observed during depolarizing jumps was approximately exponential. The time constant of the exponential varied between 1 and 3 msec in the controls and was increased to between 5 and 10 msec in the toxin-treated cells. (The time constant of decay was more rapid for larger depolarizations in both conditions.) Thus, at the macroscopic level, the effect of the toxin appeared similar to that described for many peptide toxins in neurons and in other "excitable" cells (see Hille, 1984) .
obtained on a non toxin-treated patch. Note that the open time on the 2 series of records can be directly compared, since the records correspond to channels opening at the same potential (-15 mV). The latcncies of the first openings cannot be directly compared, however, since the holding potential was much higher for the records on the left (-I 10 mV) than for those on the right (-70 mV). Clearly, there were successive openings during the +lO -10 100 ms -30
Sodium channels in outside-out patches Single Na channels were observed in only 6 of the 69 outsideout patches studied, and only one of these patches was from an astrocytc that was not treated with the toxins. The small number of channel-containing patches observed in our experiments strongly suggests that the density of Na channels in astrocytes is lower than in neurons. (In parallel attempts on neurons in primary cultures, Na channels were found on nearly every outside-out patch.) -70 Records obtained from the "control" outside-out patch are shown in Figure 3 . The channel opened at the beginning of the depolarizing pulse (to -15 mV, from a holding potential of -1 IO mv), closed, and did not reopen. The elementary current was -1.4 pAat -15 mV.
In the presence of veratridine and ScTx, the picture changed; -30, -50) blocks of data, most of which were separated by "silent" blocks. The average frequency of the openings was therefore much lower than suggested by the figure. Note also that the events selected for the illustration were among the longest of those observed. Therefore, the average du-^ ure 3, in which a direct comparison is possible with records ratlon o! the events IS not accurately illustrated (see Fig. 5 ). The data were sampled at IO kHz and filtered at 2 kHz. 100 msec depolarizing pulses in toxin-treated patches. Since the number of channels present in the patch was not determined, it cannot be concluded that the same channel opened more than once. However, the fact that in a given patch activity could continue during many minutes, without our observing any second level of opening, strongly suggests that, in toxin-treated patches, the channels can reopen after having closed. The range in which Na channels were seen to open was extended towards the hyperpolarized levels by addition of the toxins. In the experiment of Figure 4 , a few channel openings were seen at -90 mV, and many at -70 mV. This suggests a shift of the activation curve towards more negative potential values. (see Materials and Methods). Although no TTX was added to the extracellular solution in this experiment, there was no sign of an inward current. The 2 curves on the right correspond to data from 2 different cells: one (circles) in which the holding potential was -60 mV and which also had an inward current (as in Fig. 1) , and the other (squares) at -70 mV which did not. The fact that channels opened repeatedly in the range from -70 to + 10 mV allowed us to measure the duration of their opening. More precisely, 3 parameters were measured, since it appeared from the records in Figure 4 that the channels opened in bursts, particularly at more negative potentials. Characterization of these bursts was done by building histograms of the mean burst duration (a) and then, inside each burst, histograms of open times (t,) and of "fast" closed times (t,). The long closed times, indicative of the frequency of the bursts, were not analyzed in any detail.
The main result of this analysis (illustrated in Fig. 5 ) was that the mean burst time appeared to be independent of the membrane potential, and, in this experiment, was close to 5.6 msec. The internal structure of the burst, however, appeared to be voltage dependent: The mean duration of the open time increased, and the mean duration of the closed times decreased, when the patch was depolarized from -70 to -30 mV.
The channels observed in the presence ofveratridine and ScTx were blocked by TTX (1 PM) and thus were considered to be Na channels. The mean slope conductance of these channels (obtained from the Z -V relation) was 14 pS (12 pS in Fig. 6 ). The mean extrapolated reversal potential was + 50 mV (n = 3) (+ 55 mV in Fig. 6 ), while the Na equilibrium potential was at +90 mV. It is probable that a more detailed analysis in the positive potential range will reveal an inward rectification and a higher reversal potential than deduced from linear extrapolation.
Potassium channels
In the whole-cell recording mode, outward currents activated by depolarization and attributable to K conductances were observed in all 13 of the astrocytes analyzed with K-containing pipettes. These currents could be separated into 2 groups that differed in their inactivation during prolonged depolarization and in their potential of activation. steady outward current, illustrated in Figure 7 , is compatible with that of a K current. This identification was further supported by the fact that the outward current was reduced by a relatively low concentration of extracellular TEA (5 mM). In 4 of 7 cells, the use of a more negative holding potential (-100 to -70 mV) revealed an inactivating outward current in addition to the noninactivating outward current described above. The activation of this current was faster than that of the noninactivating one. The inactivation was evaluated in 2 cells. The decay of the current could be described, in both cases, by a single exponential with a time constant of about 30 msec that did not appear to be voltage dependent. The I-Vrelation was compatible with the identification of the current as a K current. The size of the inactivating component of the total outward current was not noticeably affected by TEA (5 mM) but was strongly reduced by 4-AP (5 mM) (Fig. 8). those described above precludes the characterization of the channels by a unique conductance value. Therefore, the 3 channels were characterized by the amplitude of the elementary current recorded at 0 mV (in PA): 4.3 f 0.2 (6); 1.4 k 0.2 (4), and 0.45 f 0.05 (3) (mean + SD, number of patches). The most frequently observed amplitude was the largest, which was present in 6 of the 8 patches. Most patches showed at least 2, and occasionally 3, channel types. There appeared to be no preferred association between any 2 types of channels in a given patch.
In outside-out patches we observed a variety of outward single-channel currents that decreased with hyperpolarization but remained outward at negative potentials in conditions where E,, was equal to zero and where E,, and EC, were positive. The currents were therefore identified as K currents. In many patches, there were so many simultaneous openings that no accurate Z-I' relation could be established. In 8 patches, however, there were sufficiently few channel openings to allow the separation of 3 families of currents and the construction of Z-V curves. Figures 9 and 10 illustrate some results from these patches. It was clear for the largest channel that the I-Vrelation was not linear and had an outward rectification. This Z-V relation was compatible with a fit in which the inversion potential would be near the K equilibrium potential (-100 mV). For the 2 smaller currents, the fit of the experimental points was less exact, but again clearly compatible with a K selectivity of the channels.
The largest channel current resembled, by its size, the wellknown high-conductance, Ca-sensitive K channel described by many authors and referred to as "big K," or "BK," in Marty (1983) . Inside-out patches were prepared in 6 experiments to test whether these astrocyte channels were sensitive to Ca and to evaluate their conductance. In most of these experiments the pipette contained a high-K (140 mM) solution, and the "internal" (bath) face of the patch was initially exposed to a low-K (2.8 mM), Na-containing solution buffered at low pCa.
As expected, the Z-V relation in inside-out patches showed inward rectification. Replacing the bath solution with a high-K solution (identical to the pipette solution) transformed the Z-V relation into a linear one with the reversal potential at 0 mV. The conductance could now be defined unequivocally and had a value of 230 pS. This value is very close to that found for the "big K" channels observed in many other preparations (see Marty, 1983) .
A further element of analogy was the fact that the channel showed a clear voltage dependence when the "internal" solution contained low Ca concentrations (5 mM EGTA, 0.5 mM Ca). When the internal solution contained 1 mM Ca (no EGTA), the voltage dependence disappeared, consistent with the observations of Barrett et al. (1982) . The presence of outward rectification in experiments such as On the whole, the observations reported above consolidated L 2PA 50ms d the identification of the large K channel as a Ca-sensitive "BK" channel. However, the astrocyte channel appeared to be less sensitive to various pharmacological agents than the corresponding channels described in other systems. Externally applied TEA (10 mM) only reduced the current amplitude by 30% in an outside-out patch held at 0 mV. Its main effect was to reduce the channel opening frequency markedly. Similar small effects were seen with external applications of high concentrations of 4-AP (40 mM), while quinine (200 PM) reduced the current amplitude by 20% without any apparent effect on the frequency of the openings. TEA (20 mM), Ba (10 mM), Cs (140 mM), and 4-AP (20 mM) were also applied on the "internal" surface of inside-out patches. The first 3 compounds had a clear blocking effect, whereas no effect was observed with internal 4-AP.
In a few experiments made on outside-out patches, the effect of substituting choline for Na in the extracellular solution was examined. Choline has been used as the major cation in a number of Na flux experiments in glial cells (e.g., Berwald-Netter et al., 1986 ; Y. Berwald-Netter, D. Beaudoin, E. Houzet, and F. Couraud, unpublished observations), and we were concerned about the possibility that such cells were depolarized by a K-blocking effect of choline (Frankenhaeuser, 1962) . Indeed, substitution of choline for Na reduced the large K single-channel currents by about 60% at 0 mV. A similar effect was observed on the small K current measuring 1.4 pA at 0 mV in control saline.
Chloride channels Two types of single-channel currents that we consider likely to be Cl currents were observed in outside-out patches.
Large conductance channels, very similar to those first described by Blatz and Magleby (1983) on muscle cells, and since found by Gray et al. (1984) and by Bevan et al. (1985b) on Schwann cells and astrocytes, were observed in 5 of 70 outsideout patches tested. The channels were mostly opened between -15 and + 30 mV. Above + 30 and below -40 mV they closed rapidly. The conductance, measured in 4 patches, was 385 + 27 pS.
The reversal potential in symmetrical Cl was +3.0 + 2.6 mV (with internal Cs, external Na). The shifts observed when diluting the external solution with distilled water or substituting isethionate for Cl (Nowak et al., 1983) were similar to those reported by Gray et al. (1984) and indicate that the channel is anionic but with a finite cationic permeability and that it has a substantial permeability to isethionate.
In addition to these large conductance channels, small conductance channels, opened by hyperpolarization, were observed in a few outside-out patches. Records from such a channel clearly showed that the probability of opening increased when the patch was hyperpolarized from -40 to -100 mV. The singlechannel conductance was close to 5 pS, but the channels also exhibited a half-conductance substate. The extrapolated reversal potential was near 0 mV in the "symmetrical Cl" solution (internal Cs, external Na). The selectivity of this channel was not analyzed in any detail. Our proposal for this being a Cl channel is based on the striking similarity it bears to the anionic channels described by Miller and his collaborators (see Miller and White, 1984) and more recently by Chesnoy-Marchais and Evans (1985) . In both these cases the channels were activated by hyperpolarization, had a relatively low conductance, and were frequently observed in a "half-conductance" substate.
Discussion
Our observations confirm and extend the evidence for the existence of a surprising variety of ionic channels in astrocytes and, in particular, of voltage-activated Na and K channels. As discussed below, none of these channels appears specific to glial cells.
Sodium channels
In their basic properties, the astrocyte Na channels appeared to be indistinguishable from neuronal channels. The only clear difference appears to be their relative insensitivity to TTX.
The TTX sensitivity of the astrocytes Na current appears lower than that reported for neuronal Na channels. We have calculated that 400 nM TTX was required to block half the Na current. This estimate agrees well with that obtained by Bevan et al. (1985) , 520 nM, under similar conditions, as well as with the value obtained by Berwald-Netter et al. (1985) from Na flux assays; it contrasts with the high affinity revealed by STX binding experiments in astrocytes (2 nM, Bevan et al., 1985; 1.25 nM, Berwald-Netter et al., 1986; Y. Berwald-Netter, D. Beaudoin, E. Houzet, and F. Couraud, unpublished observations) . As discussed by Bevan et al. (1985) this strongly suggests the presence of 2 types of binding sites having high and low affinity for TTX or STX. It remains to be established whether the highaffinity binding sites are coupled to functional Na channels and if they are present on the same astrocytes as those possessing the low-affinity sites. Such a situation has been observed in other cells (e.g., Pappone, 1980; Frelin et al., 1983; Sherman et al., 1983; Gonoi et al., 1985) . It could explain the observations of Bowman et al. (1984) that the "regenerative depolarizations" stimulated by ScTx and veratridine in astrocytes were blocked by as little as 1 O-l 6 nM TTX.
Efects of veratridine and scorpion toxin Our observations in the whole-cell mode, as well as in outsideout patches, suggest that the effects of veratridine and scorpion toxins on astrocytes do not differ from those described in neurons, i.e., that the combined effects of the 2 drugs lead to a shift of the activation curve towards more negative potentials, combined with a reduced inactivation. As a result, Na channels may open repeatedly even at membrane potentials close to resting potential. This will lead to a substantial Na influx, and eventually to some regenerative depolarizations (Munson et al., 1979; Berwald-Netter et al., 1984; Bowman et al., 1984) . It does not appear necessary to assume that the toxins open "silent channels," if by this term one means channels that are normally unable to open during a depolarization. To explain the effect of the toxins, it is sufficient to assume that they allow Na channels to open longer, and at more negative potentials, than they do normally. At the single-channel level, the Na channels in toxin-treated patches appear to open in bursts. The duration of these bursts appears, in a first approximation, to be voltage independent. It is tempting to try to correlate these observations to those of Aldrich et al. (1983) who observed that the mean open time of Na channels in neuroblastoma (NlE 115) cells is voltage independent and is close to 0.5 msec at room temperature (see also Shrager et al., 1985; Vandenberg and Horn, 1984 Armstrong and Bezanilla (1977) and Armstrong and Gilly (1979) , in which the (microscopic) inactivation rate is voltage independent. The voltage dependence of the whole-cell current decay ("macroscopic" inactivation rate) would then reflect the voltage dependence of activation rather than inactivation.
If we accept such a scheme, a simple explanation of our observations is that, after the action of the toxins, the rate of inactivation is reduced, producing a prolongation of the open time. Assuming that the mean open time in control conditions is in the same range as that reported by Aldrich et al. (1983) , i.e., 0.5 msec, or by Shrager et al. (1985) , i.e., 0.3 msec, the value of 5.5 msec observed in the presence of scorpion toxin (Fig. 5 ) would indicate that, in this experiment, the toxins had slowed inactivation by a factor of about 10.
A more complex model is required if the bursting observed at negative potentials (Fig. 5) is to be interpreted also. The fact that the burst duration appears to be voltage independent, while the mean open time during each burst increased with depolarization between -70 and -30 mV is consistent with the model proposed by Armstrong and Gilly (1979) . This model assumes that the open state (X,) is reached after a succession of voltage dependent transitions between closed states (X,, X,, . . . X,), and that there are 2 "inactivated" states (X,Z and X,Z) which can be reached either from the last closed state (X,) or from the open state (X,) by voltage independent transitions. In normal conditions, the channel does not oscillate between X, and X, because the transition between these 2 states is substantially slower than inactivation. If, however, the toxins markedly slowed the rate of inactivation, it is conceivable that bursts corresponding to repeated transitions between X, and X, would be detected. The constancy of the burst duration with potential would then reflect the fact that the inactivation rate is voltage independent. The voltage dependence of the open time inside the burst would reflect the fact that depolarization favors the open state (X,) over the closed state (X,).
Finally, an additional effect-a shift of the activation curveis required to explain the finding that channels open at very negative potentials in toxin treated patches.
Density of the sodium channels in astrocytes
Following the early indications that Na channels are present in some "inexcitable" cells, there have been various proposals to reconcile these observations with the absence of an action potential. Romey et al. (1979) proposed that, in the C9 neuroblastoma clone, which lacks action potentials, inactivation was much faster than activation and did not allow the development of a substantial Na current. Shrager et al. (1985) and Bevan et al. (1985) found that, in rabbit Schwann cells possessing a high number of Na channels, the low value of the resting potential (around -40 mV) probably prevents activation in normal conditions.
These 2 types of explanations do not apply in the case of the astrocytes that we have studied. The resting potential of the astrocytes was close to -70 mV, at which potential the Na channels must be available for activation (see also Bevan et al., 1985) . Thus, the Na channels that we have studied appear to be functional under our experimental conditions. A way to reconcile the existence of functional Na channels and inexcitability is to posit a low density of Na channels or, more generally, a low ratio of Na to K channels. This seems to us the more likely hypothesis.
It is supported by the results of experiments of Berwald-Netter et al. (1986; Y. Berwald-Netter, D. Beaudoin, E. Houzet, and F. Couraud, unpublished observations) who reported that, in the same preparations that we used in our experiments, ScTx binding was 7 fmol/ 1 O6 cells and tritiated saxitoxin binding was 3 1 fmoVi06 cells (121 fmol/mg protein). A similar value for saxitoxin binding (150 fmol/mg protein) was reported by Bevan et al. (1985) . These values are low compared with the data on neurons (Ritchie and Rogart, 1977 ; D. Beaudoin, F. Couraud, E. Houzet, and Y. Berwald-Netter, unpublished observations).
The potassium currents
Our observations in the whole-cell recording mode generally agree with those of Bevan and Raff (1985) in indicating the presence of at least 2 classes of voltage dependent K currents: a noninactivating K current and a rapidly inactivating K current. In addition, we have shown that the noninactivating current is sensitive to TEA, while the inactivating one is sensitive to 4-AP (5 mM). This suggests that the inactivating K current, like that described by Newman (1985) in retinal glial cells, may be an "A" current (see Adams et al., 1980) .
The single-channel data were obtained only at steady-state potentials, and therefore do not allow a further characterization of the inactivating current. On the other hand, they suggest that the noninactivating K current may be heterogeneous and involve several different K channels. The best characterized of these channels resembles those labeled "BK" ("big K") by Marty (1983) , which are activated by internal Ca as well as by membrane depolarization. The size of the single-channel K current recorded both in inside-out and outside-out configurations from astrocytes agrees with this identification. So does the sensitivity to [Cal, observed in the inside-out configuration. The only property of the large K channel that does not correspond to that described by Marty, and others (see Marty, 1983) , is the relatively low sensitivity to TEA. Concentrations of 5-10 mM were required to produce a blockade of the channel in outside-out patches, whereas concentrations 10 times lower were effective in other systems. However, this channel is very likely to contribute to the noninactivating voltage-activated outward current, since it does have some TEA sensitivity and its frequency of opening increases with depolarization.
The records obtained in the outside-out configuration indicate further that, in addition to the channel that we shall tentatively label "BK," there were at least 2 other, smaller, K channels. The size of the currents recorded at 0 mV suggests an analogy with the 2 K channels recently described by Marty and Neher (1985) in chromaffin cells, and labeled FK and SK. One of these channels may correspond to the 18 pS channel described by Shrager et al. (1985) in rabbit Schwann cells and to the 25 pS (Ca activated) channel described by Quandt and MacVicar (1986) in astrocytes.
